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UNANNOUNCED 
GERIJ^N SIECTRICAL TIME A^TD IWPACT FUZES AKD COMPOHESTS 

SIMM 

The development of electrical tine and impact fuses vaa 
carried on by the Eheinmetall-Borsig orÄanieatlon of H. 
Khulemann.    A large number of documents concerning electrical 
fuze development have been obtained from Ehulemana' 8 Xaborar- 
tory and shipped to the Explosives Investigation Laboratory, 
Indian Head, Hd.    The present ret)ort contains information 
obtained in interrogations of Hhulemann end in visits to 
factories where electrical fuze components w«ro made.    It is 
written to supplement the documents, end is intended to cover 
only the following subjects, with some introductory matter: 

(1) The volume of production of the more important 
German electrical fuzes. 

(2) Performance cf electrical time and impact fuzes; 
difficulties encountered in service. 

(3) Details of manufacture cf fuzes and components. 

September 19^5 

U.  S. N-.V^L TECHNICS MISSIOF IN BÜSDPE 
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2.    Operation of Electrical Inpp.ct and Time Fuzes. 

(a)   Impact Fuzes. 

Electrical impact fuzes contain the following 'basic parts; 
(See figures 1 and 2.) 

Storage condenser cl 
Resistor R 
Firing Condenser 02 
Switch S 
Igniter X 

At the instant the round is started en its trajectory, 
"v; an electric charge is placed on the storage condenser.    During 

flight, part of this charge leaks through the resistor to 
the firing condenser.    When the charge on the firing condenser 
is sufficient to fire the igniter, the fuze is armed.   Firing 

J takes place when the switch closes upon inpact, allowing the 
,.■ firing condenser to discharge throu^i the igniter. 

v Two or noro circuits rf the type shewn in Figure 1 are 
K usually incorporated in the same fuze.    In ^ne of these the 
t» igniter fires directly into the gaine; the igniters In the 
■J other circuits fire into pyrotechnic delays.    The choice of 
N instantaneous or delay action can be made by connecting the 
S proper circuit innediately before releasing the homh. 

[ (b)   Time Fuzes. 

I %*$                              Time fuzes contain essentially the sane V.sic parts as 
h impact fuzes except that the switch is replaced by a vacuum 
v tube which becomes conducting at a critical, known voltage, 
1" (See figures 3 and U.)   At the instant the round is started 

on its trajectory, an electric charge is placed on the storage 
*■■ condenser, and another, smaller charge is placed on the 
;'. firing condenser.   The time setting of the fuze is adjusted 
'; by varying the amount of charge placed on the firing cendenser. 
'■. During fli^it, part of the ch*rge on the storage condenser 
•/ leaks throu^i the resistor to the firing condenser.    As the 

charge on the firing condenser increases, the voltage across 
'. the tube increases.    When the firing voltage of the tube is 
~. reached, the firing condenser discharges through the tube and 
l- igniter, firing the fuze. 
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CONTIDEFTI^L 

i 

2. (b) Time Fuz.^s (Ccnt'd). 

Brth the  storage and the firing cendensers of Geman time 
fuzce are charged, in order that the voltages used can be kept 
rer.Bonably low.    An increased tine setting requires nn increased 
voltage.    If only one erne'enser cf a time fute were ctarfed, | 
an excesBive voltage would be required to obtain a time delay 
of, say, 30 seconds.    (The arming times of impact fuzes arc 
generally 5 seconds or less.) 

3.    Advantages of Electrical ^uzes. » 

When Hhulemann was asked what factors influenced the G«rraan '■ 
nllitary authorities to adept electrical fuzing, he listed the 
following advantEtges; ;.V 

(a) The fuzes can be set by remote control immediately » 
prior to the instant cf firing.    Dead time is ollml- ■-■; 
natcd in time fuzes, r.nd impact fuzes can be set 
for instantaneous or delayed actions as each round ;V 
is used, 

(b) Electrical impact fuzes are extremely ra-nid in action 1 
. • • ■    because the only mechanical part, the trembler switch 

; has but little inertia wid friction.    With an 
"instantaneous'' fuze se'tting, a benb can be made to 
explode without deep penetration of the target, 

(c) The electrical scheme has great flsxibility.    The )" 
same components were1 used in a variety of tine and 
impact fuzes having nearly identical appepjance but 
a wide range of charactrristics, .;■ 

(d) The fuzes arc safe to handle,  ship and store.   Whereas 
in most mechanical fuzes the source of entrgy to | 
ignite is alwnys present (as a stressed spring, for %>; 
instance), energy is net introduced into the electrical i."v 
fuze until the moment of use.   Extensive trials were '),>; 
made with voltages as high as two million volts, which !■> 
showed that properly dösigned elc drical fuzes are 'V 
not affected by atmospheric electricity, [ 
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COMIDEIITLX 

3.    itdvpjit-^es of Electrical Fuzes.(Cont'<?.). 

(e)    The Gcnnane founc". the clectricr.1 fuzoa less exoea- 
sivc to manufacture than nech«inical fuzes having 
the snne chfljracteristics, when made in conparablc 
quantitios.    {Bhulenann stated that the ccst rrtlo 
wa« about two to three, wid acV.ed that parts rut 
of tolerance for tine fuzes could be used in icrnact 
fuzce, so that the totrl manufacture had small 
shrinkage loss.) 

k.    Volume of Production of Principal Puzos, 

Hhulem?nn arid .that the more common German electrical 
impact and time fuzes were T)roducod in the quantities listed 
below: 

Puze  . 
Number 

Type of Pu«e Quantity Produced 

Time fuze, range 2 to 
25 seconds. 

Production was limited 
by the output of cold- 
cathode tubes.   Peak 
production was U0,0()0 
por month; this fell to 
25,OCO per month after 
the Siemens works was 
bombed. 

25D Rhulemann stated that 
this was an intpfct fuze 
having instantaneous and 
3 delay actions. 

Maximum 400,000 per 
month. 

38A 

k3* 

iji impact fuze having 
instfintaneous and 2 
delfiy actions. 

MI impact fuze, deve- 
lotiod early in the war. 

Production was smrll. 

Maximum 30,000 per 
month. 

Jlv 
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CONTIDErTLX 

k.    V^lunc of Producti^n of Principal Juzcs^Cont'c1). 

Fuze Tjne of FUZJD Qusuitity Produced 
ITunber 

55 itfi inpact fuze hr.vinf; This fuze rerlaced 
instrjitnneous ?nd one npjiy other inpact 
delay action. fuzes.    It was pro- 

duced by several 
factories; the tota), 
number produced was 
estina^ter to be 15 
or 20 million. 

5.    Performcace; Difficulties Encountered in Service. 

No definite figure of merit indicating the rcrfornance of 
electric fuzes used in crnhat was obtained from Rhulcnann, 
but -ie irrrlied that the overall ncrformPJice was better than 

When trouble was encountered in service,  it was generally 
due either to (1) use of substitute materials,  (2) presence 
of toe many electrical conncctirns in the space available, 
or (3) first encounters with extremes of temperature or 
humidity, before special materials were developed.    Jill ' f 
these difficulties can bo av ided by -oro-ncr design. 

S-oecific  difficulties described by Rhulemann were: 

(a) Attempts to use substitute imrre^nation material in 
condensers caused duds, 

(b) The wax packing in the igniters was replaced by 
sulphur at one time,  causing tb-  rejection of 
several hundred th us-nd fuzes. 

(c) Difficulties were enct untercd with the insulation 
of fuze 25D, which had four circuits, and, this fuze 
was re^l^-ced by fuze 55» which had. two circuits. 

-11- 



COKTIDEKTLiI 

^t    Perfcrn.Hncc; Difflcultlrs BncountPred In Srrvlce,(Cont'd), 

(d) The  storage life of the No. y time fuze was said 
to he about 2 yeara, while the storage life of the 
much ainmler No. 55 impact fuze was said to 'oe about 
5 years, when components were rtade of materials of 
similar quality, 

(e) It was found necessary to replace the normal Trolitul 
No. 3 u*0<?- for th" central insulating corr and top 
insulator, by a stiecial cennound, Trolitul IF, for 
use in hot, damp climates. 

(f) Certain condenser impregnation coranounds which were 
very satisfactory at normal temperatures, failed to 
give up all their energy when used at very low 
temperatures (about -60° C), 

6.    Description of Majmfacture of JUI Eltctrical 
Impact Fuze, 

(a) The resistors were pieced in the central insulated 
core. 

(b) The igniters were placed in the central insulated 
core. 

(c) A plastic protecting ring was slipped over the cen- 
tral core, 

(c)    The condenser annulus was assembled over the tirotecting 
ring. 

(e)    Thfj leads from the resistors and igniters were at 
this point -orojectlng through ^■»ropriately placed 
holes in tho top of the central insulate^ core. 
These loads, trgcther with the condenser leads were 
twisted toeetivr to form the necessary cr-nnccticns, 
find cut to length.    This wr.s done with i hnnd tool 
operF.tod by a flexible sh-ft. 

-12- 



CONFIDEJMTIAL 

6.   Description of Maaufacture of nn Eleetrlcpl Impact 
Fuze (Cont'd).   ~    ''' '   ' " ' ' 

(f)    The twistod ler.ds wero melted t^^ether.    A sneciftl 
electric wcldine; tool held in the orerator's hr.nc' 
was used, 

(e;)    The moulded top riece w.?.s placed ever the ccndcnscT 
and central insulated core.    This top piece contained 
the imp-'-ct switches, and hcles for the necessary 
leads and connections, and holes for char^iniP; i-ine. 

(h)    Electricrl tests were made.    The igniters were 
tested for continuity; the storage condenser was 
charged and the voltage measured on the firing 
condenser at the end of an .'.ccuratoly timed inter- 
val,    (All tremtiler switches were held open during 
this test.) 

(i)    The fuze was nut in its metal  cf-sc, 

(j)    The case was crimped or notched near the base and 
in some models at the top also, to holt' the assembly 
in position. 

(k)    The assemhly was notted in a bituminous comnosition,, 

(l)    The tests of operation no, (h) were repeated. 

(m)    A rubber sealing ring was placed around the top of 
fv- the case. 

(n)    The charging; pins m& their strings were inserted. 

(c)    The metpj. top was placed over the case and crimped 
on;  5 tone force VPB used^ 

t ■ 

(p)    The pyrotechnic delpy element was nlaced in the 
bottom of the fuze, 

(q.)* The waterproofing was tested with ^ atmosphere air 
rrcssure. 

• 
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COmDENTIAL 

6,   DoBcriptlon r.f Mftnufnctura cf an Electrical Inpnct 
Fuze (Crnt'd). 

(r)   Slcctrlöal tests were -^eln mrle. 

(s)    The -pretectinß; c^t was nut over the charpinp 
■olns. 

(t)   The. coopletod fuze wr.s neinte^. 

7.    Description rf Mnnufacture rf pji ülectrlcftl 
Time Fuze. 

The raffnufacture of tine fuzes frr 'brnbs fi-llrwec1. the sane 
general riRttern as the manufacture of icrftct fuzes.    The values 
of the components r-f the tine fuze, however, were-nrre critical 
than these rf the imract fuze, anc1 the frllewin^ stc-ns were 
included in the raanufacture; 

(a) After the tulie, cmrenser, ajirl -^11 but one rf the 
resistors had been assembled, the firine; voltage 
of the tube was measuroc'. 

(b) A standard resist' r was inserted in -lace of the 
nissinp resistor, and a strndard voltage arvrlied 
to the fuze.    The tine of firing of the tube was 
measured, and the .first adjustment of the circuit 
elements was made by selecting the proper "trlmner" 
condenser (from ancne; 3 ^ ^ assembled, in the 
condenser annulus).   This "trimner" condenser was 
added to the firim? condenser in order to bring the 
firing time of the tube closer to the cormct firing 
time expected fo^r the standard, value of voltage 
applied, 

(c) The timing: test of t e fuze was repeated,  and the 
finpJ.  adjustment of the circuit elements was made 
by selecting a resist-'Jico.value and inserting this 
resistor into the fuze in rlace of the standard value 

i.        used, previously.    (The resistance'consisted of three 
units of about 15 negchns each*, one'of those could 
be removed rjid rerlaced at nny tire ur' to  the final 
closing of the fuze.) 

-lU- 
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COKIIDSmi^L 

g,    Resistrrs Vsed in Electrical Fuzoa. 

(a) The rosistr.nccs of hi^h ohnic vplue UBed in G» man 
eloctricf-1 fuzes were of three types: 

(1) Wire wound resistors of noderatoly hi^h vrluc 
were made, usinc; the spjne type cf wire used in Sx5 and 
Sx6 icnitcrs. 

(2) Resistors of the highest values necessp-ry were 
nr.c'e by STrpylng araorphous carbon onto a ceramic core. 
These were xircducGd by the Re senthal Company, and were 
said tc have good temperature characteristics,  but were 
net so uniform nor so stable as those made by Siemans 
(see (3) below). . r 

(3) The Siemans Connany produced uniform,  stable 
resistors cf very hich ohraio values by cracking heptane 
^nd o'e-'iositine: a thin film cf crystalline carbon ^n a 
heated ceramic rod.    Ehulonann believed that the crysta- 
lline carbon was a most imortant factor in obtaining 
stable characteristics. 

(b) The Siemans manufacturing i-irocess involved the 
following steps; 

(1)    A ceramic rod of prrTer size was obtained... The 
resistors were about 3 or 1+ mm in diameter and 20 to 25 
ram long.    Any «cod ceramic, prrferrbly fine grained, wps / 
satisfactory. 

(2),   The rod was cleaned ly sand blast and washed 
in distilled water. 

(3)    The rod was heated to 800 or 900 C in n vacuum 
of 0.01 mm of mi-rcury. 

(k)    After k to 16 hours of punrcine (the time depended 
unon the number of resistors being produced simultaneously) 
heptanp was introduced into, the chamber rmd cracked, 
leaving a thin film of crystalline carbon on the heated 
rod.    The thickness of the film was of the ord.er of 10 
molecules to 0.001 mm,  »jid depended on the amount of 
heptane used. 

-15- 
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COHFIDEFTIrtL 

8. Betistora Used In Electrlcfll I^ize« (ti) (Cont'd). 

(5) lifter cooling, the ends of the resistor wore 
covered with cnrbon atisrended in water. 

(6) The resistor was dried imnedlatcly in warn air, 

(7) The resistor wns measured and rlrced in a group 
accordin»1; tc the resistance between its ends, which was 
now of the orc^er of 20,000 ohms. 

(g)    A helix was ground into the surfr.cc of the 
resistor, using a carborundum wheel.    The width of the 
carton helix which was left on the rod was detoriained 
"by the initial value of the r sistance 'betwenn the ends, 
and by the desifod final resistance value.    In a typical 
resistor, the groove out out micht "be 0,2 m to 0.3 mm 
wide, and 0.3 nrn deep^  and the pitch of the helix night 
be 0.6 nun. 

(9)   End. connect ions were made, 

(10) Ducc red lacquer was applied and the resistor 
#a8 dried and ^ut in storage ;for two tc four weeks. 

(11) After storage the resistor was measured and 
lulled. 

*. 
9»    Condensers Used in Electrical Fuzes. 

Some of the condensers used in Eheinmetall fuzes were made 
by Siemans,  some hy A.E.Ö.,  and some by Rheinnetall-iBorsig. 
The nanufacturinA' Tocess was similar in all three plants, and 
involved the following sfcepsj 

(1) Two thickness of r.aper were w^und between 
layers of aluminum foil.   The paper w^s 0,008 to 0.009 J!ia 

thick,  and the foil 0.005 to 0.006 mm thick.    Winding 
WP.S generally dene in a cmtrolled atmosphere at lg-2U C, 
and 50-60^ relative hunidity. 

(2) All condensers f^r a fuze were wound into a 
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comimmuz 

9.    Condensers Used In Iulf ctricf.1 Fuzes (Ccnt'd). 

single integrated rjinulus.    Ccnnections were m.idc by 
striTS inserted into the winding nt the proper prints. 

(3)    Following winding, the crndensers were dried 
for 8 hours at 110 C. 

(U)    The condensers were vacuum-iiiprcgnated for 8 
hours.    The inpregnating comnound (Synthetic chlorinated 
napthalene, with a dielectric constant about 5) w^-s made 
by I. G. Farben at Leverkusen, pad was knorwn as D 88, 

(5) After Inrregnation and cooling,  the cendensers 
were dipped in D 88,  then enclosed in a metal contfdner 
and the top scaled with pitch. 

(6) «fter sealing,  each condenser was tester' for 
breakdown.    500 volts were rptslied across the terminals, 
and 1500 volts wero applied between the electrodes and 
the case. 

The Gormans believed that although tinfoil was not avail- 
able for electrodes,  aluninun foil was fully as good. 

The placing of leads in condensers was considered extre- 
mely inportpjit.    (See figure 5.)    The leads from the two 
electrodes »f a condenser must be brought out opposite each 
other (within 1 cm.  or so).    This was necessary to f liminate 
inductance, by which the firing condenser might acquire a 
charge from the charging of the reservoir condenser.    If 
several condensers have an electrode in common, a lead must 
be brought out of the common electrode opposite each lead 
brought out of the separate electrodes. 

In certain models made by A. E.G., in which several 
condensers were wound in the  same annulus, a short-circuited 
turn wns wound between the condensers tc ■orovide magnetic 
shielding.    T is was not necessary in the condensers built by 
Siemans. 

-17- 
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CONFIDENTIAL 

10.    Igniters, Type Sx^ and SxS, Used In Rheinmetrll 
?uzes. 

Electrical igniters of the low-voltage wire "bridge,  or 
"natch head" typo were made at the Dynanit A. G., in Troisdorf. 

The following manufacturing nrocess wf.s used; 

(1) Tinfoil sheets were pasted to both sides of a 
piece of cardhoerd slightly thicker than a book natch. 

(2) The cardlDoard was cut to the shape shown ia 
Figure 6 (a).    A sheet of cardboard carried about 25 
projections, each of which would become the central core 
of an igniter. 

(3) Sheets were stacked in piles of 12, ovrrl-pping, 
and the wire which would become the igniter bridge was 
laid over er.ch row of 12 projections (See figure 6 (b)). 
The wire wf-.s soft-BOldered to each projection. 

(4) The shcfeT;s were, turned over rjid the wire, soft- 
soldered to the other side of u^ch projection, forming 
the igniter bridge.    A small loop of wire was left,  as 
shown in figure 6 (c), 

(5) The 12 sheets were separat« d, and er.ch sheet 
was inspected, using a magnifying glass.    Defective 
igniters wore cut out; 20 to 23 good igniters generally 
remained on a sheet. 

(6) The sheets were dvoped in the explosive mixture. 
There were two dips, first in azotetrazol lead,  then in 
lead trinitrorosorcinate.    The explosive was rather 
viscous and clung to the wire loops, fomine the "match 
heads".    Drying by warm air followtd each dipping. 

(7) The igniters woro dipped twice in lacquer,   then 
dried. 

(8) Leads were soldered to the igniters. 

(9) The igniters were now cut away from the parent 
sheets, 
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CONFIDEl-iTlAL 

10.    I^nitera, Type 5x5 and 5x6, Used In RhclnmBtall 
Fuzes (Cont'd).   •"'"••' ""  ' '" 

(10)    The igniters wert inspected, and sorted for 
size by ahnkiru-; then through a slot of pro/^ressively 
incrcising width {p. taper gmiße)  into sorting 'bins. 

■ (11)    The igniters were tested for resistnnce end 
continuity. 

(12)    A covering tybc of plastic'"Trolite ^3" or 
"Hipolan" (polyvinol chloride) was älipped over er.ch 
Lgniter. 

1     (13)    The remaining srjftce in the plastic tube wr.s 
filled with chlorinated nppthplene WPX of a good quality. 
The completed igniter is illustrp.ted in figure 6 id). 

The success of these igniters defended upon the extremely 
fine wire used for the bridge.    This wire was cold-drawn, 80$ 
nickel, SO^'chrone; and was produced by the Rheinish Fine Wire 
Co. of Bargls Fcastadt,   The wire was about O.OOg nn in diam- 
eter; however it was not specified by its diameter, but by 
its reslstance.   That used in the Sx5 igniter was 8000 ohms 
per meter, and that used in the 5x6 igniter was 12,000 ohms 
per meter. 
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Figure 6 
; eo i i n i nu fae tu re of Tr-niters 

(Type Sx,x, or SxO 

F i g . 6 ( a ) Por t ion of a card-
i g n i t e r cores re aade. 
with t i n f o i l on both s ide: 

:ri.v -from ,vhv 
cardboard is covered 
?)•e complete • 

certains 25 projections, each vf '•'/? ic: 
the core cf an i mxiter 

' i 11 •cc* 

F i g . 6 ' b ) Side view of a .stack of s h e e t s cf i n c i t e r 
corers. About n dozen shee t s a re s tacked ii; t h i s 
way, and a wire ia so ldered to the correspor d ing 
p r o j e c t i o n on each s h e e t . , 

F i g . 6 (c ) . Side view of the core of an i g n i t e r , a f t e r 
t h e wire has ' been 3o l i e r ed to both .side a , f • rr>ir.g 
the b r i d g e . This ca re has not ye t been dipped in 
the explos ive m a t e r i a l . 

F i g . 6 (d ) Crosr, s e c t i o n of a completed i g n i t e r . The 
core of F ig . f / c ) has been dipped, in exp lo s ive , 
l eads have been a t t a c h e d , and t h e assembly has 
been put in a p l a s t i c case and packed with wax. 

Reproduced from 
best available copy 
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10.    Igniters, Ty^e Sx5 ^n^ Si6t Used In Bhcinnetnll 
Fuzes (Cont'd).' 

The lacquer in which the igniters wr-re dipped (ste-n 7) 
was a 15^ solution of collodion in anyl Acetr-.te.    Two hundred 
KTPias of p.luninujn rowder were added to ench liter of solution. 
When the lacquer dried, the aluminun forned a hif^-resistance 
shield which covered the match head; this added to the safety 
of the igniter without impairing its effoctivoness. 

11.    Tubes Used in Electrical Time Fuzes. 

The tubes used in Rheinraetall electrical time fuzes were 
//.•-      '.'v cold-cathode,  argon-filled diodes (see figure 7).    They were 
r*'-■!' produced by Sienane, in Berlin,  find were said to cost r.bout 
|''.'1% 4.9 Reichnarks.    The nnnufacturing process is described bvlow; 
fcüjÄiI when 8(^0 of the tubes nanuf?'.ctured werti acceptable, performance 
*.., was considered "very good".    The firing voltage of the tubes 

'•]■"/.' considered below was l6C volts.    In service,  the tubes fired 
■y/,\ with an arc (not a niow) discharge. 

■/.",' (l)    The electrodes Were fabricated to the proper 
^^ henisTjherical share, of oxy^cn-frce iron, nickel plated. 

.■->; (2)    Thrf e conper covered steel wires were welded 
"•"X-! to each electrode. 
"v. 

(3)    Ä bead of lead glass was formed around the 
three wires supporting the electrode;   one of these wires 

». ,- became the leac5 in. 

(k)    A tube of le;:\d glass was slir)ped over the 
electrodes to form the envelope.    The envelope w.s 11 
or 12 mm in diameter, and about 20 mm long, with walle 
about 1 mm thick. 

(5) The «mode was he-ted and a caraule of notas- 
siun was evaporated into the tube. Nearly rll of this 
condensed on the cathode to form the rlectron-enittin;' 
surface. 

(6) The tube w ,s evacuated to 10      mn of mercury. 
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11.    Tubes Ueed in Slectrie^.l Time FVLZCB (Cont'd). 

(7)    Tht leftds wore connected to a l60 volt source 
which was capable of supplyins only enough current for 
a glow discharge.   Ar^on w.s introduced into the tube 
until a glow discharge took place; the tune was then 
sealed off.    The nrcssuro was usually 10 to 15 run of 
mercury. 
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11.    Tubes Used in Electrical Time Fuzes (Cent 

(8) A pencil-nark of radioactive material (fine 
sulphide) about 10 ram long and 1 mm wide was made on 
the outside of the, tube. 

(9) The tube wos dipped in a rTraphito susüension; 
this outside covering WP.S connected to the cathode but 
not to the anode, 

(10) The firinc voltage (for an arc discharge) was 
checked,  and each tube was numbered.    Firing voltage 
limits were 156.5 to 16^.5. 

(11) The tubes were placed in racks and agec3 for a 
•period of four to six weeks.    The racks wore so arranged 
that the firing voltage of each tube could be checked 
automatically fron time to time.    The arcing voltage of 
each tube had to remain stable within £ 0.3 volts, or the 
tube wr.s rejected. 

12.    Trembler Switches Used in Impact Fuzes. 

The trembler switches used to fire impact fuzes originally 
consisted of a small steel ball, about 3 mm in dipra«ter, 
supported on a bronze wire inside a metal tube about 5 ^m in 
diameter (figure 8(a)).    All pr.rts of the »witch were chrone 
rlated. 

r~ 

r. -', 

The contact tine of the original switches was too short; 
a second ball was therefore added (figure 8 (b)). Only the 
lower ball made contact. The function of the upper ball was 
to hold the lower ball against the wall of the tube during ^ 
a "swing". This type switch was abandoned because of the '!>/ 
difficulty of drilling small steel balls. » 

The,final tyre of switch employed a spiral of chrome .-.;■ 
plated bronze wire as the moving contact (figure 8 (c)). /._. 
The spiral extended beyond the fixed contacts, in order to ■\- 
obtain the effect of the u-pcr steel ball*of the previous 'W 
design. The fixed contact was a chronr- plated ring;  this ring | 
*nd the base of the moving contact were fixed in the plastic 3v" 
.moulded top --ince of the fuze ^y a sT)ot-heating process. '-'-] 
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13.   Power Sup^lle» for Electricnl Bomt Fueee, 

Dry "br-tteries were originally used to supnly rower for 
bomb fuzo1«.   Batteriee were not satisfactory at hifft tciiipcra- 
tur^s, ?.nd had an avcrftf-je life of only 3 *0 5 öonths in the 
African cmyp.iga.. 

Batteries were replaced by a notor-^enerator and «taM- 
llzed rfowor supply unit.    The motor took power from the 
aimlanc's 2U volt systen, n.n6 the generator delivered 500 
volts.   The stabiliser was said to hold the oufput voltage 
constant with * 1.5^.    The various voltages used in charging 
time and iisop.ct fuzes wore obtained fron tans on a resistor 
connected across the output of the stabilizer. 

The chief disadvantage of the notor-gonrrator and stabi- 
lizer unit was that the voltage-dividing resistor becpne over- 
heated if several benbs were c'rorped'in ra^ld succession. 

At the end of the war, a now motor-generator had been 
developed for charging impact fuzes but had not been used in 
combat.    The machine had 3 crnnutators i2k voüjt input, 150 
and 240 vclt outmt).,  ■  -.'-': •   ■      —-•;- 

• lU.    Improveroen'ts Considered by the Sermans to 
be Necessary. 

Mhen fi,8ked what irnnrovemonts were cnntnnrln.tcd in 
electrical tine nnd ir^nct fuzes, Ehulcmann said that the 
following were considered important: 

(1) The condensers Vere to he  --ut in hermetically 
sealed cp.ns.    Led v/ires would' be brought out through 
glass seFds. 

(2) The charging plungers would be re^lr.ced by 
contacts mounted on a diaphragm, the periphery of which 
would be sealed to the n ulded insulating ton piece of 
the fu»e assenb'l'y.' 

■lit 
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l\,    Inproverjenta Consic'ered by the Gernans to te 
Hece ssary (Cont'd). 

(3)    A condenser having a rolled plastic dielectric, 
such as styroflex, wculd be Vf ry desirablo.    This would 
ini^rove the storage life and reduce the size cf condensers. 
However,  it had not so far been found possible to make 
sufficiently thin sheets cf plastic having no flaws or 
bubbles. 

Prepared by; 

K. G. BriGSSBF, 
Technician. 

J. KIEBY, 
Technician. 
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